Introduction
Any development of test methods to evaluate the properties of wood and wood-base materials at once involves consideration of the complex structure of these materials. Wood is formed of myriads of elongated cells that are oriented vertically in the living tree.
These cells are bonded with a complex substance called lignin. The character, orientation, and arrangement of the fibers make wood an isotropic material. For all practical purposes, however, it may be treated as orthotropic with three principal axes of symmetry--the longitudinal, the radial, and the tangential. The assumption of 3 structural axes results in a multitude of properties including 3 values of tensile strength, 3 Youngs" moduli, 3 shear moduli, 6
Poisson's ratios, and other properties varying with grain direction as much as 40 to 1. The complete and precise evaluation of the many Rept. No. 2055 -2-different properties of wood and wood products therefore requires many different testing techniques-, a great range of extensometer and testing machine equipment, and the development of reliable and satisfactory test methods.
The development of methods for testing tension along and across the grain are among the most difficult, and of these, the procedure for testing tension perpendicular to grain is still not regarded as fully satisfactory.
For many engineering materials, tensile strength is the most important property. In wood, the tensile strength parallel to the grain represents its highest property and exceeds in value the modulus of rupture. Because it is much greater than other critical properties, it is not generally the determining factor in engineering design. Tension parallel to the grain nevertheless represents a fundamental property of importance in the performance of wood, which must be evaluated.
In the same way, these other properties critically affect the loading of the tension test specimen, thus increasing the difficulty of developing a test method. Particularly involved are the relatively low values of shear parallel to the grain and compression perpendicular to the grain. An example of this characteristic is found in the analysis of the tension-parallel-to-grain test specimen of fig. 1 , designated "Previous Standard" , which was developed many years ago as an improvement over previous methods. The specimen is 30 inches Rept. No. 2055 -3-long and is fabricated from a piece 2 by 2 inches in cross section.
Shoulders are provided to support the specimen. The net cross section was reduced to 1/2 by 1/2 inch. The load is carried through shear.
With a shear area about 100 times the net tensile area and a ratio of shear to tensile strength of about 10, difficulty was encountered with shear failures occurring at the ends of the specimen. Apparently, stresses are concentrated at the zone of change in section and result in progressive shear failure, even though the shear area on the basis of ordinary analysis would seem ample. A further reduction in net section would improve this specimen. This example is cited to indicate the problem in developing satisfactory tension test methods for wood. This problem of the development of a test for tension parallel to grain has now been quite well resolved in the modified test method provided in ASTM Standard D143.
General Principles
The general principle in tension testing that a generous fillet should be used to provide a reduced net section and minimize stress concentrations is particularly applicable to wood. Basic studies conducted by Coker and Coleman3 in England on the development of a suitable test specimen for wood emphasized the need for specimens with a large radius of curvature. Subsequently, studies C oker, E. C. and Coleman, C. P., Cleavage Tests of Timber. Proceedings of the Royal Society. Vol. 128, 1930 Rept. No. 2055 -4-were made on specimens employing a fillet of 90-inch radius. Obviously, such large radii require specimens of rather great length and are undesirable from this standpoint. The adoption of a 17-1/2-inch radius in the present ASTM standard tension-parallel-to-grain specimen for wood is a satisfactory compromise.
With respect to support, wedge grips with a flat contact surface are commonly used with tension test specimens of many materials.
Efforts to employ this procedure with wood in the tension-parallelto-grain test have not proved satisfactory because of the continual crushing under the grips due to the low compressive strength perpendicular to the grain and because of slipping in the grips. The solution to this problem necessitated the return to notched shoulder supports.
Different problems are confronted in the development of a satisfactory tension-perpendicular-to-grain specimen for wood. These problems relate mainly to limitations imposed on the size of specimens because of the limited dimensions of the piece across the grain and the difficulty of fabricating and handling the specimens because of their low strength across the grain. While the use of a flat specimen and wedge grips is feasible from the standpoint of the support provided by end-grain contact in the grips, this type of specimen has practical limitations, because stress concentrations tend to cause failures at the grips.
Rept. No. 2055 -5-'These special problems involved in developing methods of testing wood result from its orthotropic structure and are encountered in varying degree in the many other wood-base materials.
Tension Tests of Wood Parallel to the Grain
The shape and dimensions of the present ASTM standard tensionparallel-to-grain specimen are shown in fig. 1 . This specimen has a zone of uniform cross section to permit the use of an extensometer over a 2-inch gage length to determine modulus of elasticity. Such a specimen can be fabricated quite readily by the use of suitable jigs. The specimen is the result of progressive development over many years and actually represents a compromise between theoretical and practical considerations. In the process, a considerable number of tests were made to permit analysis of the data and observe its performance in comparison with other forms of specimen.
Because of the very substantial study involved in the development of the tension specimen over the years, a brief review of the progress is pertinent. The earlier type of specimen with a notched shoulder support (fig. 1, Previous Standard, 1922 -1947 , gave difficulty not only because of shear failure at the ends of the specimen, but also because it was somewhat difficult to manufacture.
Another undesirable feature was its relatively great length. A further limitation of this specimen, which has now been recognized, Rept. No. 2055 -6-was that the net section of 1/2-by 1/2-inch was still too large, although on the basis of the concept that material from several growth rings should be included in the net section, it seems quite small. The Wd ratio of the previous type of tension specimen was 360 (R = 90 inches, d = 1/4 inch). The calculated stress in the outer fiber was therefore about 2 percent higher than the stress at the center. The present ASTM specimen has a somewhat less favorable theoretical stress ratio since the /d ratio is about 93 (R = 17-1/2 inches, d = 3/16 inch). The stress at the outer edge of this specimen is therefore about 9 percent higher than that at the center. It is known that these stress concentrations tend to reduce the maximum loads obtained, but the exact amount of this reduction is not known. The data indicate that the results obtained with the new type of specimen are less variable than with the previous type, although the differences are not great.
Of special interest is the comparative time required to produce failure in the two types of specimens. The previous standard specimens employing wedge-type grips were tested at a rate of head travel of 0.05 inch per minute. The present type of specimen wastested at a speed of 0.03 inch per minute, since load-strain data could not be obtained satisfactorily at the higher speed. In spite of this slower speed, the average time required to fail these specimens was only 3 minutes and 36 seconds compared to 15 minutes and 47 seconds for the other type. The difficulty because of slippage in the grips was, of course, obvious, but these tests provide specific data on the increased time and its effect on rate of loading.
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The present ASTM standard has been used successfully to test a variety of softwood and hardwood species in both the green and dry conditions. Only occasional shear failures are encountered. Uniform rate of loading is obtained, and the tests can be conducted rapidly.
Additional research may indicate further improvements. The fabrication of the present standard tension specimen is not simple, but it can be readily made in any well-equipped wood shop. A detailed report covering the fabrication of this type of specimen has recently been prepared?.
Tension Tests of Wood Perpendicular to the Grain
The strength of wood in tension perpendicular to the grain is much lower than the strength parallel to the grain. The ratio between the 2 is over 1 to 40 for many species. Because of this, designers usually take advantage of more favorable properties of wood, although under certain conditions, the tensile strength perpendicular to the grain may be a limiting design factor. This property of wood is of particular importance in glued laminated construction in which it is desirable to produce glued joints that equal or exceed the strength of the wood perpendicular to the grain. Figure 7 shows the type of specimen and grips used in France and some other countries with the Monin system, employing a basic 2 by 2 centimeter cross section. This specimen is small and easy to fabricate, but it is subject to the same criticism with respect to stress distribution that was brought out by Coker on the ASTM standard.
The authors know of no data comparing this type of test with the standard ASTM specimen.
In addition to the types of specimens already described, a great number of somewhat similar types have been considered by the authors and various other investigators. They include turned, bobbintype specimens tested by loading on formed shoulders, necked-down rectangular strips of various shapes, and rectangular strips of wood similar to those described herein but varying in the dimensions.
One related problem is the difficulty of obtaining a satisfactory specimen that can be fabricated without so injuring the specimen that the results will be affected. 
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The use of a straight-sided fiberboard tensile specimen in conjunction with wedge-type grips has not proven entirely satisfactory when an accurate evaluation is desired. Numerous failures occur at or near the grips because of crushing action of the grips and stress concentrations. Table 4 shows the results of tests undertaken to study the effect of size and shape of specimen on the tensile strength of fiberboards-9 . The type A, type B, and type C specimens shown in figure 9 were tested. The results tabulated in Figure 10 shows a specimen of this type under test. Figure 11 shows an alignment jig used for the fabrication of test specimens.
In preparing test specimens of core materials, it is important that the bond be sufficiently strong to cause failure in the core.
Care must be taken to prevent damage to the core during the bonding process. In preparing test specimens of sandwich panels, the bond between the loading fixtures and faces must exceed the strength of the bonds between faces and core, and care also must be taken to avoid injury to the sample.
It is also important that the cross sectional area of the test specimen be sufficiently large to adequately represent the material being tested. The following minimum areas are recommended in ASTM Tentative C297-52T:
(1) For continuous cores, such as balsa, foamed rubbers, and foamed resins with small pores of 1/4 inch diameter or less, the minimum facing area of the specimen shall be 1 square inch. There is, however, a growing interest in the engineering properties of paper brought about by the increasing use of paper products as structural materials. An outstanding example of the use of paper as a structural material is found in sandwich construction in which paper is used either as a facing material or as a core material in honeycomb or corrugated form. The successful use of paper as an overlay material is also dependent on a knowledge of its basic properties. The basic strength properties of paper are also of great interest in the design of paper shipping containers. For these and many other uses, the actual stress-strain behavior of the material within the proportional limit, as well as at rupture, is of great Figure 12 shows the equipment used in an early series of tests aimed at obtaining basic information on the tensile stressstrain characteristics of the component papers used in corrugated 10 container board-. The tests were made in a cabinet that was used in a temperature-humidity controlled room. The Tuckerman strain gage used permitted readings to 0.000004 inch. Figure 13 shows a typical tension stress-strain curve for one of the papers tested. Complete stress-strain curves in figure 14 for several of the paperboards tested in tension show a wide range in properties.
A study now under way at the U. S. Forest Products Laboratory is concerned with the tensile stress-strain behavior of various papers intended for use as overlays for wood or wood-base materials. Of interest in this connection are the stress-strain relationships of the underlying material, as well as the paper overlay up to failure. Ois C'r Clr • (1) • (2) • (3) : (4) : (5) :
• (8) : (9) The two types of specimens used in this comparison are detailed in figure 9 . Load was applied to the specimens at a uniform rate of head movement of the testing machine of 0.15 inch per minute.
?Only a single sample of each material was used; hence, the test values are not to be considered representative of all material of each type. They were chosen merely to evaluate the test method.
-Type "C" specimen had a reduced cross section e inches wide and 2 inches long. The width at the grips was 3 inches.
4
-Type "D" specimen had a reduced cross section 1-1/2 inches wide and 2 inches long. The width at the grips was 
